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Method of configuring base station, and base station 
Field 

[0001] The invention relates to a method of configuring a base sta- 
tion in a cellular telecommunication system, and a base station in a cellular 
telecommunication system. 

Background 

[0002] The radio frequency spectrum is a tightly controlled resource 
divided into frequency bands allocated to various radio systems and base sta- 
tions in radio systems. In order to fulfil frequency requirements, each base sta- 
tion operates in a given frequency region. 

[0003] The frequency spectrum can be divided between different 
radio access technologies, such as different frequency variants of GSM 
(Global System for Mobile Communications) system and UMTS (Universal 
Mobile Telecommunications System). Furthermore, a system band of a radio 
access technology may be divided into carrier frequencies, from which an ap- 
propriate carrier portion is allocated to each base station in the cellular tele- 
communication system. 

[0004] The prior art solution suggests a large variety of base sta- 
tions equipped with a variety of frequency band specific-electronics to cover a 
desired frequency space in the frequency spectrum. The need for the fre- 
quency band-specific electronics complicates the structure and operation of a 
base station, thus increasing the manufacturing costs of the base station. 
Therefore, it is desirable to consider improvements in the base station design. 

Brief description of the invention 

[0005] An object of the invention is to provide an improved base sta- 
tion of a cellular telecommunication system, and an improved method of con- 
figuring a base station. According to an aspect of the invention, there is pro- 
vided a base station of a cellular telecommunication system, comprising: an 
antenna unit for radio frequency reception and transmission; an electronically 
tunable diplexer connected to the antenna unit for separating a transmit radio 
frequency band from a receive radio frequency band, the tuning range of the 
electronically tunable diplexer covering at least two radio frequency sub-bands 
used parallel in the telecommunication system, the diplexer being tunable, on 
site, to a radio frequency sub-band allocated to the base station; a transceiver 
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connected to the tunable diplexer for performing a conversion between a fixed 
frequency band and the radio frequency sub-band allocated to the base sta- 
tion; and wherein the transceiver includes a signal conversion chain for per- 
forming at least a portion of the conversion, at least a portion of the signal con- 
version chain being shared between frequencies within the tuning range. 

[0006] According to another aspect of the invention, there is pro- 
vided a method of configuring a base station in a cellular telecommunication 
system, comprising: tuning, on site, an electronically tunable diplexer con- 
nected to an antenna unit, the tuning range of the electronically tunable di- 
plexer covering at least two radio frequency sub-bands used parallel in the 
telecommunication system, to a radio frequency sub-band allocated to the 
base station; and adjusting a transceiver connected to the diplexer to perform 
a conversion between a fixed frequency band and the radio frequency sub- 
band allocated to the base station, the transceiver including a signal conver- 
sion chain for performing at least a portion of the conversion, at least a portion 
of the signal conversion chain being shared between frequencies within the 
tuning range. Embodiments of the invention are described in the dependent 
claims. 

[0007] The method and system of the invention provide several ad- 
vantages. The invention provides an enlarged operation frequency scale of a 
base station and a simplification in the structure of a base station, thus result- 
ing in a cost reduction in setting up and operating a cellular telecommunication 
system. The simplification in the base station structure includes using a single 
intermediate frequency, for example, for a broad variety of radio frequencies 
used in the air interface. Furthermore, the multi-carrier operation of a base sta- 
tion is enabled by using a single transceiver chain. 

List of drawings 

[0008] In the following, the invention will be described in greater de- 
tail with reference to embodiments and the accompanying drawings, in which 

[0009] Figure 1 shows an example of a structure of a base station; 

[0010] Figure 2 illustrates an example of a frequency band struc- 
ture; 

[0011] Figure 3 illustrates a second example of a frequency band 

structure; 

[0012] Figure 4 illustrates another example of a frequency band 

structure; 
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[0013] Figure 5 shows a flow diagram illustrating embodiments of 
the invention; 

[0014] Figure 6 shows an example of a structure of a transceiver, 

and 

[0015] Figure 7 shows an example of a tuning arrangement. 

Description of embodiments 

[0016] Figure 1 shows an example of a structure of a base station in 
a cellular telecommunication system in which the invention may be applied is 
showed. The structure of a cellular telecommunication system is known per se. 
The cellular telecommunication system may include at least one of the follow- 
ing systems: GSM850, GSM900, GSM1800, GSM1900, WCDMA, or 
CDMA2000 systems. Furthermore, the invention may be applied to systems 
such as WLAN (Wireless Local Area Network). The structure of the above sys- 
tems is known per se and will not be described here. 

[0017] The base station comprises an antenna unit 100 for radio 
frequency reception and transmission. The base station further comprises an 
electrically tunable diplexer 110 connected to the antenna unit 100 for separat- 
ing a transmit radio frequency band and a receive radio frequency band from 
each other. The diplexer 110 may also be called a duplex filter. The base sta- 
tion further comprises a transceiver 118 connected to the diplexer 1 10 for per- 
forming a conversion between a fixed frequency and a radio frequency sub- 
band allocated to the base station. Figure 1 also shows a base band unit 116 
connected to the transceiver 118. 

[0018] In an aspect of the invention, the electrically tunable diplexer 
110 is tunable while the base station is on-site. In this context, the term "on 
site" represents a state of the base station, wherein the base station has been 
installed to its position in the cellular telecommunication system, and is possi- 
bly being commissioned for operation. 

[0019] The diplexer 110 may be functionally divided into a receive 
portion 112 and a transmit portion 114, the portions 112, 114 being connected 
to the antenna unit 100. The transceiver 118 may further be divided into a re- 
ceiver 120 connected to the receive portion 112 of the diplexer 110, and a 
transmitter 122 connected to the transmit portion 114 of the diplexer 110. 

[0020] The tunable diplexer 110 may be provided with manufacturer 
information on the tuning characteristics, such as a tuning curve, according to 
which the desired tuning range may be obtained. 



[0021] Figure 2 illustrates an example of a frequency band structure 
used in a cellular telecommunication system on a general level. The horizontal 
axis 200 shows frequency in arbitrary units while the vertical axis 202 shows 
signal power in arbitrary units. Radio frequency sub-bands 204 and 206 with 
center frequencies 212 and 214, respectively, represent parallel radio fre- 
quency sub-bands used in a radio interface between the base station and the 
mobile stations. The tuning range 216 shows the possible positions of the 
passband 210 of the diplexer 110. 

[0022] A radio frequency sub-band 204, 206, also called a sub- 
band, is typically a portion of a system band. The radio frequency sub-band 
204, 206 may present a portion of a receive band of a system band. The sub- 
band may further present a portion of a transmit band of a system band. A sys- 
tem band typically defines the operating range of the base station. 

[0023] The width of the radio frequency sub-band 204, 206 depends 
on the embodiment. For example, the width of the sub-band 204, 206 may be 
determined by the number of carrier frequencies allocated to the base station. 
A typical width of a sub-band may range from 5 MHz to 20 MHz. The pre- 
sented figures, however, do not restrict the applications of the present solution. 

[0024] For the ease of illustration, the frequency band structure 
shown in Figure 2 represents two different cases. 

[0025] In the first case, the sub-bands 204 and 206 represent re- 
ceive sub-bands used in the uplink direction of the telecommunication system. 
The sub-band 208 represents a receive sub-band allocated to the base station, 
and the passband 210 represents a passband of the receive portion 112 of the 
diplexer 110. The fixed frequency band 224 represents the base band or in- 
termediate frequency band in the reception of a base station. The tuning range 
216 represents the tuning range of the receive portion 114 of the diplexer 110. 

[0026] In the second case, the sub-bands 204 and 206 represent 
transmit sub-bands used in the downlink direction of the telecommunication 
system. In this case, the sub-band 208 represents a transmit frequency sub- 
band allocated to the base station, and the passband 210 represents a pass- 
band of the transmit portion 1 12 of the diplexer 110. The fixed frequency band 
224 represents the base band or intermediate frequency (IF) band in the 
transmission of a base station. The tuning range 216 represents the tuning 
range of the transmit portion 1 14 of the diplexer 110. 



5 

[0027] Figure 2 also shows spurious frequency components 236 
generated in the conversion between the fixed frequency band 220 and the 
sub-band 208 allocated to the base station. The strongest spurious frequency 
components may be so-called image frequencies typically generated when the 
local oscillator frequency of the mixer 138 is mixed with frequency components 
of the receive sub-band 208 to be converted to the fixed frequency band 224. 
Thus, the location of the spurious frequency components 236 may vary de- 
pending on the frequency of the receive sub-band 208 allocated to the base 
station, and thus require dynamic filtering. 

[0028] In an embodiment, the electrically tunable diplexer 110 pro- 
vides a pass band 210 with band characteristics, such as center frequency 218 
and bandwidth 222. The tuning of the diplexer 110 results in shifting the center 
frequency 218 of the passband 210 of the diplexer 110. In an embodiment, the 
tuning of the diplexer 110 affects on the passband bandwidth 222. According 
to the invention, the tuning range 216 of the diplexer 110 covers at least two 
radio frequency sub-bands 204, 206 used in the cellular telecommunication 
system. When covering a tuning range 216, the pass band 210 of the diplexer 
110 can be shifted continuously between the two sub-bands 204, 206, which in 
some embodiment may be located in different system bands. 

[0029] In an embodiment, the transceiver 118 is adjusted to perform 
a conversion between the fixed frequency band 224 and the sub-band 208 al- 
located to the base station. The adjustment adjusts the conversion ratio be- 
tween the frequency of the fixed frequency band 224 and the frequency of the 
sub-band 208 allocated to the base station. The adjustment is controlled with a 
transceiver control signal 150, 152 received by the transceiver 118. In the 
transmitter 122, an up-conversion is performed from the fixed frequency band 
224 to a transmit sub-band 208. In the receiver 120, a down-conversion is per- 
formed from a receive sub-band 208 to the fixed frequency band 224. In an 
embodiment, the receiver 120 is a superheterodyne receiver. The fixed center 
frequency 234 of the fixed frequency band 224 may be chosen according to 
the operating frequency of the electronics, such as converters carrying out the 
conversion between the analogue and the digital form of signals in the trans- 
ceiver 118. 

[0030] In an embodiment, the tunable diplexer 110 is tunable, on 
site, to provide a passband 210 narrower than the system band allocated to 
the base station. This embodiment attenuates undesired frequency compo- 
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nents, such as those falling in other system bands, and improves the perform- 
ance of the transceiver 118. 

[0031] With reference to Figure 1, the electrically tunable diplexer 
110 receives an electric control signal 146, 148, according to which the center 
frequency 218 of the passband 210 of the diplexer is adjusted. The operation 
principles and the structure of an electrically tunable diplexer 110 are known 
per se, for example, from US patent applications US 2002/0041221 A1 and US 
2002/0180564 A1, US patent 4, 835, 499, and PCT patent application WO 
99/41842, which are thereby incorporated by reference. The electrical tuning, 
however, may be implemented in a manner different from that presented in the 
above references. 

[0032] With reference to Figure 3, the frequency band structure may 
be composed of at least two system bands 320, 322 with center frequencies 
324 and 326, respectively. The horizontal axis 300 shows frequency in arbi- 
trary units while the vertical axis 302 shows signal power in arbitrary units. In 
an embodiment, the lower center frequency 324 is -1800 MHz corresponding 
to the GSM 1800 system frequency band while the upper center frequency 326 
is -1900 MHz corresponding to the GSM1900 system frequency band. 

[0033] In another embodiment, the lower center frequency 324 is 
-850 MHz corresponding to the GSM850 system frequency band while the 
upper center frequency 326 is -900 MHz corresponding to the GSM900 sys- 
tem frequency band. Each system band 320, 322 may be composed of a re- 
ceive system band 328, 330 and a transmit system band 332, 334. For the 
simplicity of illustration, the upper system band 322 represents a system band, 
from which portions are allocated to the base station. The fixed frequency band 
corresponding to that shown in Figure 2 is not shown in Figure 3. 

[0034] In an embodiment, the tunable diplexer 110 is configured to 
operate in a receive tuning range 31 6A, 31 6B covering receive sub-bands 304, 
306 of at least two system bands 320, 322, the diplexer 110 being tunable, on 
site, to a receive sub-band 312 allocated to the base station. The receive tun- 
ing range 31 6A, 31 6B may cover the entire receive system band 328, 330. 

[0035] In an embodiment, the tuning results in shifting a passband 
of the receive portion 112 of the diplexer 110 to a desired position in the fre- 
quency spectrum. For example, the receive tuning range 31 6A covers a por- 
tion of the frequency range of about 1800 MHz, and the receive tuning range 
316B covers a portion of the frequency range of about 1900 MHz, thus ena- 



bling implementation of the GSM1800 and GSM1900 radio interfaces by using 
a single base station and a single diplexer 110, and sharing of the portions of 
the signal receive conversion chain between the frequencies within the tuning 
range 316A, 31 6B. 

[0036] In an embodiment, the tunable diplexer 110 is configured to 
operate in a transmit tuning range 31 8A, 31 8B covering transmit sub-bands 
308, 310 of at least two system bands 320, 322, the diplexer 110 being tun- 
able, on site, to a transmit sub-band 314 allocated to the base station. The 
transmit tuning range may cover the entire transmit system band 332, 334, 

[0037] In an embodiment, the tuning results in shifting a passband 
of the transmit portion 1 14 of the diplexer 1 10 to a desired position in the fre- 
quency spectrum. For example, the transmit tuning range 31 8A covers a fre- 
quency range of about 1800 MHz, and a transmit tuning range 31 8B of about 
1900 MHz, thus enabling implementation of the GSM1800 and GSM1900 radio 
interfaces by using a single diplexer 110, and sharing of the portions of the 
signal transmit conversion chain between the frequencies within the tuning 
range 318A, 31 8B. 

[0038] Configuring the electrically tunable diplexer 110 includes, for 
example, designing the electromagnetic filter cavity such that a desired tuning 
range is achieved. The tuning may be performed by changing the frequency 
response of an individual resonator by means of motors and possibly by 
changing coupling between filter resonators. 

[0039] In an embodiment, the receiver 120 and the transmitter 122 
are adjusted to convert the receive sub-band 306 and the transmit sub-band 
310 allocated to the base station to a fixed receive band and a fixed transmit 
band, respectively. The fixed receive band and the fixed transmit band corre- 
spond to the fixed frequency band 224 shown in Figure 2. 

[0040] Figure 4 shows a system band 426 with center frequency 
424. The horizontal axis 400 shows frequency in arbitrary units while the verti- 
cal axis 402 shows signal power in arbitrary units. 

[0041] The system band 426 is composed of a receive system band 
404 and a transmit system band 406. The receive system band 404 covers at 
least two receive sub-bands 408 and 410, which are composed of receive car- 
rier frequencies represented with vertical lines inside the curves of the receive 
carrier bands 408, 410. 
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[0042] The transmit system band 406, correspondingly, covers at 
least two transmit sub-bands 412, 414, which are composed of transmit carrier 
frequencies represented with vertical lines inside the curves of the transmit 
carrier bands 412, 414. For example, in the GSM1800 system, the receive sys- 
tem band 404 covers a frequency region from 1715 MHz to 1780 MHZ, while 
the transmit system band 406 covers a frequency region from 1805 MHz to 
1880 MHz, thus requiring a receive tuning range 420 and a transmit tuning 
range 422 of about 75 MHz, respectively. 

[0043] The width of the receive sub-bands 408, 410 and the trans- 
mit sub-band 412, 414 may vary, for example, from 5 MHz to 20 MHz depend- 
ing on the number of carriers allocated to the base station. For example in the 
GSM standard, the separation of adjacent carriers is 200 kHz at a minimum. 
However, the separation in real systems may be larger than 200 kHz. The re- 
ceive sub-band 416 and the transmit sub-band 418 represent a receive sub- 
band and a transmit sub-band, respectively, allocated to the base station. The 
fixed frequency band corresponding to that shown in Figure 2 is not shown in 
Figure 4. 

[0044] In an embodiment, the tunable diplexer 110 is configured to 
operate at a receive tuning range 420 covering at least two receive sub-bands 
408, 410 of the system band 426, the diplexer 110 being tunable, on site, to a 
receive sub-band 416 allocated to the base station. The receive passband of 
the diplexer 110 attenuates frequency components, such as carriers, outside 
the receive carrier band 416 allocated to the base station, thus reducing the 
bandwidth 230 of the fixed band 224 and removing spurious components from 
the fixed band 224. The reduced bandwidth 230 of the fixed band 224, on the 
other hand, results in an increase in flexibility when selecting a suitable con- 
version ratio between the fixed frequency band 224 and the receive sub-band 
416 allocated to the base station. For example, in the GSM1800 system, the 
75-MHz bandwidth of the receive system band 404 requires a 150-MHz fixed 
center frequency 234 at a minimum, whereas the 20-MHz bandwidth of the 
sub-band 416 obtained with the tunable diplexer 110 allows for a 40-MHz 
minimum fixed center frequency 234. The decrease in the required minimum 
center fixed frequency 234 enables use of electrical components, such as ana- 
log-to-digital converters, whose dynamic range may be lower compared to the 
case when the invention is not applied. 



[0045] In an embodiment, the tunable diplexer 110 is configured to 
operate in a transmit tuning range 422 covering at least two transmit sub- 
bands 412, 414, the diplexer 110 being tunable, on site, to a transmit sub-band 
418 allocated to the base station. The tuning of the diplexer 1 10 to the transmit 
sub-band 418 reduces spurious emissions and wideband noise. 

[0046] With reference to Figure 6, examine a receive conversion 
chain 636 of an exemplified transceiver. The exemplified receive conversion 
chain 636 includes a receive portion of the diplexer 600, a receive amplifier 
602, such as a low noise amplifier, for amplifying a radio frequency receive 
signal 642. After amplification, the radio frequency receive signal 642 is deliv- 
ered to a mixer unit 608, such as a superheterodyne mixer. 

[0047] The diplexer 600 is connected to a control unit 634, which 
provides the diplexer 600 with a control signal 648. The control unit 634 de- 
fines characteristics such as the system band frequency and the sub-band fre- 
quency of the diplexer 600. 

[0048] The mixer unit 608 may down-convert the radio frequency 
receive signal 642 into an intermediate frequency, thus generating an interme- 
diate frequency receive signal 644. A control frequency be inputted into the 
mixer unit 608 from a voltage controlled oscillator 624, which is further con- 
trolled by a phase-locked loop 626. The phase-locked loop 626 may be pro- 
vided with a reference frequency by a system clock 628. The operation and 
structure of the voltage controlled oscillators 624 and the associated control 
mechanism are known to a person skilled in the art. 

[0049] When the base station is configured to operate at the radio 
frequency sub-band allocated to the base station, the phase-locked loop 626 is 
inputted into control information to produce a control frequency, which results 
in a desired intermediate frequency when mixed with the radio frequency re- 
ceive signal 642. 

[0050] The intermediate frequency may be selected based on vari- 
ous criteria. The intermediate frequency may be selected such that the effect 
of the spurious frequency components generated in the down-conversion may 
be minimized. 

[0051] Furthermore, the intermediate frequency may be selected to 
locate within a Nyqvist zone, such as the first or the second Nyqvist zone, in 
order to optimise the analog-to-digital conversion performed on the intermedi- 
ate frequency. 



[0052] The spurious frequency components generated in mixing the 
control frequency and the radio frequency receive signal 642 may be attenu- 
ated by an image filter 604 and a first intermediate frequency filter 610. The 
spurious frequencies are functions of the conversion ratio applied in the mixer 
608, and therefore, the band of the image filter 604 and that of the first inter- 
mediate frequency filter 610 preferably take into account the tuning require- 
ments. In an embodiment, a suitable image filter 604 is chosen from a filter 
bank including a variety of filters selected for the operating frequency range of 
the base station. In another embodiment, the band of the image filter 604 is 
broad enough to cover the possible frequencies. 

[0053] After filtering in the first intermediate frequency filter 610, the 
intermediate frequency receive signal 644 may be delivered to an intermediate 
frequency amplifier 612 for amplification. After amplification, the intermediate 
frequency receive signal 644 may be delivered to a second intermediate fre- 
quency filter 614 connected to the intermediate frequency amplifier 612. 

[0054] After filtering in the second intermediate frequency filter 614, 
the intermediate frequency receive signal 644 may be delivered to an auto- 
matic gain control amplifier 616 for amplification. 

[0055] After a further filtering in a third intermediate frequency filter 
618, the intermediate frequency receive signal 644 is sampled in an analog-to- 
digital converter unit 620, which generates a digitised intermediate frequency 
receive signal 646. 

[0056] The sampling may be controlled by a second voltage con- 
trolled oscillator 632 controlled by a second phase-locked loop 630. The sam- 
pling rate is typically a variable depending on the frequency characteristics of 
the radio frequency receive signal 642. 

[0057] After sampling, the digitised intermediate frequency receive 
signal 646 may be delivered to a base band unit 622 for further processing. 

[0058] It is noted that the invention is not restricted to the presented 
structure of the conversion chain 636 of the exemplified transceiver, but the 
structure may vary depending on the embodiment. 

[0059] The exemplified receive conversion chain may be divided 
into a radio frequency chain 638, which operates at the radio frequency sub- 
band allocated to the base station, and an intermediate frequency chain 640 
operating at an intermediate frequency. 



11 



[0060] When a portion of the receive conversion chain 636 is 
shared between the frequencies within the tuning range 216, at least one com- 
ponent 602 to 620 is used for an entire frequency range within the tuning 
range 216 of the diplexer 110. For example, the base station may include a 
single intermediate frequency chain 640, which is used in receiving all the ra- 
dio frequency sub-bands, which may be allocated to the base station. The de- 
tails of sharing depend on the embodiment. 

[0061] In an embodiment, the frequency control arrangement includ- 
ing the voltage controlled oscillators 624, 632, the phase-locked loops 
626,630, and the system clock are shared between the frequencies within the 
tuning range. 

[0062] In an embodiment, the transceiver 118 includes a system 
band specific radio frequency chain 638, and the intermediate frequency chain 
640 is shared between different system bands. If there are more than two sys- 
tem bands, a single radio frequency chain 638 may cover two system bands. 

[0063] In another embodiment, the radio frequency chain 638 and 
the intermediate frequency chain 640 are shared between the frequencies 
within the tuning range. 

[0064] In an embodiment, the base station comprises a control unit 
132 connected to the diplexer 110 and the transceiver 118 for controlling fre- 
quency characteristics of the base station. In Figure 1, the control unit 132 is 
included in the transceiver 118. In another embodiment, the control unit 132 is 
implemented in the base band unit 116. In an embodiment, the control unit 132 
is implemented using a digital signal processor with software. The frequency 
characteristics of the base station define the prevailing operating frequency, 
i.e. the sub-band 208 allocated to the base station by using a control signal 
154. The frequency characteristics include, for example, a conversion ratio 
used in the receiver 120 and a conversion ratio used in the transmitter 122 de- 
fining the relationship between the radio frequency band 208 allocated to the 
base station and the fixed frequency 224. The conversion ratio is delivered 
from the control unit 132 to the transceiver 118 using transceiver control sig- 
nals 150, 152. The frequency characteristics are delivered to the diplexer 110 
using diplexer control signals 146, 148, which control the electronics of the di- 
plexer 1 10 so that the passband 210 of the diplexer 1 10 is located in a desired 
manner in the frequency space. 



[0065] A transmit conversion chain corresponding to the receive 
conversion chain 636 may be constructed for transmitting a transmit signal. 
The transmit conversion chain may include a transmit base band unit, a trans- 
mit intermediate frequency chain, and a transmit radio frequency chain. It is 
clear to a person skilled in the art how to implement a transmit conversion 
chain and perform sharing of the portions of the transmit conversion chain by 
using the teachings provided for the receive conversion chain 636. For exam- 
ple, the intermediate transmit chain may be shared. 

[0066] In an embodiment, the base station comprises a generator 
124 connected to the transmitter 118 for providing the diplexer 110 with an in- 
put test signal 126 characterizing a frequency band 210 allocated to the base 
station, a TRX loop 136 connected to the diplexer 110 and the transceiver 118 
for delivering a portion of the input test signal 126 and a portion of an output 
test signal 128A, 128B generated from the input test signal 126 in the diplexer 
110 to the receiver 120, an analyser 130 connected to the receiver 120 and 
the control unit 132 for determining the response of the diplexer 1 10 to the in- 
put test signal 126 based on a portion of the input test signal 126 and a portion 
of the output test signal 128A, 128B, and a control unit 132 connected to the 
diplexer 110 and the generator 124 for controlling tuning of the diplexer 110 
based on the response of the diplexer 1 10 to the input test signal 126. 

[0067] The generator 124 may be implemented using a digital signal 
processor in the base band unit 116 or using an ASIC (Application Specific 
Integrated circuit). The input test signal 126 is received in the transmitter 122, 
which converts the input test signal 126 from a digital form to an analogue form 
and up-converts the base band test signal 126 to a radio frequency character- 
izing the frequency band 208 allocated to the base station. The input test sig- 
nal 126 is inputted into the diplexer 110, wherein an output test signal 128A, 
128B is generated from the input test signal 126. 

[0068] The output test signal 128A, 128B is generated in the di- 
plexer from the input test signal 126, thus carrying information on the response 
of the diplexer 110 to the input test signal 126. If the input test signal 126 is 
chosen appropriately, the frequency characteristics of the diplexer 110 can be 
determined by comparing the input test signal 126 and the output test signal 
128A, 128B. 

[0069] In an embodiment, the input test signal 126 is a single car- 
rier, such as the outermost carrier in the transmit carrier band 414. The test 
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signal 126 may also be composed of several carriers representing the fre- 
quencies of the carrier band 410, 414 allocated to the base station. The test 
signal 126 may also be performed by sweeping over a frequency range repre- 
senting the frequency band 208 allocated to the base station. 

[0070] If the diplexer 110 comprises several parallel filters with dif- 
ferent passbands, the input test signal 126 is composed of orthogonal compo- 
nents so that the group of parallel filters can be tuned simultaneously. 

[0071] The TRX loop 136 connects the transmit end comprising the 
transmit portion 1 14 of the diplexer 1 10 and the transmitter to the receive end 
comprising the receive portion 112 of the diplexer 110 and the receiver. The 
TRX loop 136 comprises a transmit switch 144 and a receive switch 142. The 
purpose of the switches 144, 142 is to conduct a portion of the input test signal 
126 from the transmit end to the receive end of the base station and to deliver 
a portion of the output test signal 128A, 128B generated in the diplexer to the 
receiver 120. In an embodiment, the switches 142, 144 comprise directional 
couplers, whose operational principle and structure are known to a person 
skilled in the art. The portion of the input test signal 126 represents a reference 
signal with which the output test signal 128A, 128B is compared when deter- 
mining the response of the diplexer 110. 

[0072] A portion of the input test signal 126 and a portion of the 
output test signal 128A, 128B are received by the receiver 120. The receiver 
120 down-converts a portion of the input test signal 126 and a portion of the 
output test signal 128A, 128B to the base band frequency and outputs a por- 
tion of the input test signal 126 and a portion of the output test signal 128A, 
128B to the analyser 130. The analyser 130 receives a portion of the input test 
signal 126 and a portion of the output test signal 128A, 128B and determines 
the response of the diplexer 110 to the input test signal 126 by using the por- 
tion of the input test signal 126 and the portion of the output test signal 128A, 
128B. The analyser 130, for example, determines an impulse response for the 
input test signal 126 and the output test signal 128A, 128B, and determines 
the response of the diplexer 110 to the input test signal 126 by using the de- 
termined impulse responses. In an embodiment, at least a portion of the ana- 
lyser 130 is implemented in the base band unit 116 using a digital signal proc- 
essor with software. In another embodiment, at least a portion of the analyser 
130 is implemented using an ASIC. 
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[0073] In an embodiment, the analyser 130 determines a return loss 
of the input test signal 126 using a portion of the input test signal 126 and a 
portion of the output test signal 128A, 128B, the return loss representing the 
response of the diplexer 1 10 to the input test signal 126. 

[0074] In an embodiment, the input test signal 126 includes channel 
coding, which is used in decoding the output test signal 128A, 128B in the ana- 
lyser 130. 

[0075] The analyser 130 sends a report 156 on the response of the 
diplexer 110 to the control unit 132, which forms a diplexer control signal 146, 
148 for tuning the diplexer 110. In an embodiment, the control unit 132 com- 
pares the response, such as return loss, to a predetermined reference value, 
and modifies the diplexer control signal 146, 148 accordingly. The predeter- 
mined value of the return loss may be 20dB, for example. If the determined 
response is below a predetermined value, the control unit 132 may command 
the diplexer 1 10 to shift the passband 210 to a direction where the response is 
closer to the predetermined reference value. The control unit 132 may also 
memorize the responses from earlier tuning steps and predict a favourable 
position for the passband 210 using the memorized responses. 

[0076] In an embodiment, the transmit switch 144 connects a por- 
tion of the input test signal 126 to the transmit portion 1 14 of the diplexer 110, 
wherein an output test signal 128A is generated from the portion of the input 
test signal 126. A portion of the output test signal 128A and a portion of the 
input test signal 126 are connected to the receiver 120 by the receive switch 
142. Figure 1 illustrates an embodiment where the transmit switch 144 is lo- 
cated between the transceiver 1 18 and the diplexer 110, and the generation of 
the output test signal 128A is based on a reflection mechanism of the input test 
signal 126 from the diplexer 110. In another embodiment, the transmit switch 
144 is located between the diplexer 110 and the antenna unit 100 so that a 
portion of the output test signal 128A transmitted by the diplexer 110 is deliv- 
ered to the receiver 130. This embodiment represents the TX tuning mode, 
wherein the transmit portion 1 14 of the diplexer 1 10 is tuned. 

[0077] In an embodiment, the transmit switch 144 and the receive 
switch 142 connect a portion of the input test signal 126 to the receive portion 
112 of the diplexer 110. The output test signal 128B is generated in the receive 
portion 112 of the diplexer 110 and connected to the receiver 120 by the re- 
ceive switch 142. Figure 1 illustrates an embodiment where the generation of 
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the output test signal 128B is based on a reflection mechanism of the input test 
signal 126 from the receive portion 112 of the diplexer 110. In another em- 
bodiment, a portion of the transmit switch 144 is located between the antenna 
unit 100 and the diplexer 110 so that the input test signal 126 enters the re- 
ceive portion 112 of the diplexer 110 from the antenna side. As a result, the 
output test signal 128B represents a portion of the input test signal 126 which 
passes the receive portion 112 of the diplexer 110. This embodiment repre- 
sents the RX tuning mode, wherein the receive portion 1 12 of the diplexer 110 
is tuned. 

[0078] In an embodiment, the TRX loop 136 is configured to convert 
a portion of the input test signal 126 to a receive sub-band 208 allocated to the 
base station. The conversion may be performed using a converter 137 located 
in the TRX loop 136. The operation of the converter 137 may be based on mix- 
ing a suitably chosen local oscillator frequency with the transmit frequency ap- 
plied to the input test signal 126 in the transmitter 122 so that the superposition 
of the two frequencies includes a frequency component at the receive sub- 
band 208. The converter 137 may further comprise a filter means for attenuat- 
ing undesired components generated in the mixing procedure. 

[0079] In an embodiment, the TRX loop 136 is configured to convert 
a portion of the output test signal 128A to a receive sub-band 208 allocated to 
the base station. This embodiment may be applied when the output test signal 
128A is generated in the transmit portion 114 of the diplexer 110. The conver- 
sion may be performed using a converter similar to that described above. 

[0080] With reference to Figure 7, an example of a tuning arrange- 
ment of the base station is shown. The tuning arrangement includes a transmit 
control unit 720 connected to the transmit portion 700 of the diplexer, and a 
receive control unit 718 connected to the receive portion 702 of the diplexer. 

[0081] The transmit control unit 720 and the receive control unit 718 
provide tuning control signals 754 and 752 for the transmit portion 700 and the 
receive portion 702, respectively. The transmit control unit 720 and the receive 
control unit 718 receive tuning instructions 734, 742 from a tuning control unit 
714. 

[0082] The transmit control unit 720, the receive control unit 718 
and the tuning control unit 714 correspond to the control unit 132 shown in 
Figure 1. 
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[0083] The input test signal 126 may be generated in the digital sig- 
nal processor 712 in the base band frequency, converted to an analog format 
and up-converted in the modulator 706 to the radio frequency. The input test 
signal 126 may be amplified in an amplifier unit 704, such as a power amplifier, 
and fed into the TRX loop. 

[0084] The TRX loop shown 136 includes a first directional coupler 
730 and a mixer 722, and a first switch 724 between the first directional cou- 
pler 730 and the mixer. 

[0085] The TRX loop further includes a second directional coupler 
732 and a second switch 726 between the second directional coupler 732 and 
the mixer 722. 

[0086] In a first position, the first switch 724 couples the input test 
signal 126 to the mixer 722. In this case, the mixer input signal 746 may be the 
input test signal 126. The first position may be applied both in the RX and in 
the TX tuning mode in order to deliver the input test signal 126 to the transmit 
portion 720. 

[0087] The first position may further be applied in the TX tuning 
mode, when the input test signal 126 is used as a reference for the output test 
signal 128B from the receive portion 702. 

[0088] In a second position, the first switch 724 couples the output 
test signal 128A from the transmit portion 700 to the mixer 722. In this case, 
the mixer input signal 746 may be the output test signal 128A generated in the 
transmit portion 700. The second position may be applied in the TX tuning 
mode. 

[0089] The first switch 724 is controlled with a first switch control 
signal 736 provided by the digital signal processor 712. The switch instructions 
may be obtained from the tuning control unit 714. 

[0090] In a first position, the second switch 726 couples the mixer 
output signal 748 to the receiver 120. In the TX tuning mode, the mixer output 
signal 748 may be the output test signal 128A generated in the transmit portion 
700. If the input test signal 126 is used as a reference signal for the output test 
signal 128A, the mixer output signal 748 may be the input test signal 126. 

[0091] In a second position, the second switch 726 couples the 
mixer output signal 748 to the receive portion 702. The mixer output signal 748 
may be the input test signal 126, which is delivered to the receive portion in 
order to generate the output test signal 128B in the receive portion. 
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[0092] The second switch 726 is controlled with a second switch 
control signal 740 provided by the digital signal processor 712. The switch in- 
structions may be obtained from the tuning control unit 714. 

[0093] The mixer 722 converts the mixer input signal 746 to a mixer 
output signal 748. The mixer 722 is provided a local oscillator frequency by a 
local oscillator, which local oscillator frequency is co-added with the frequency 
of the mixer input signal. The local oscillator frequency may be chosen such 
that the frequency of the mixer output signal 748 characterizes the frequency 
of the sub-band allocated to the base station. In an embodiment, there is a 
switch 728 between the mixer 722 and the local oscillator 716, which switch is 
controlled with a switch control signal 738 provided by the digital signal proc- 
essor 712. 

[0094] A receiver input signal 750, which depending on the tuning 
mode, may be the input test signal 126, the output test signal 128A from the 
transmit portion 700, or the output test signal 128A from the receive portion 
702 is inputted into the receiver 120. The structure of the receiver 120 may be 
similar to that shown in Figure 6. 

[0095] The receiver 120 outputs an analog signal, such as an inter- 
mediate frequency receive signal, into an analog-to-digital converter 710, 
which outputs a digitised signal into the digital signal processor 712. 

[0096] The digital signal processor 712 performs signal processing 
tasks, such as channel decoding, on the digitised signal. The digital signal 
processor may further analyze the output test signal 128A, 128B and provide 
results on the analysis to the tuning control unit 714. 

[0097] The tuning control unit 714 processes the results on the 
analysis and controls the transmit control unit 720, and receive control unit 
718, and the test signal generator accordingly. The tuning control unit 714 may 
provide control parameters to the transmit control unit 720, and receive control 
unit 718, according to which control parameters the control unit 720, receive 
control unit 718 control the diplexer settings. 

[0098] With reference to Figure 5, the invention provides a method 
of configuring a base station in a cellular telecommunication system. The 
method starts in 500 and stops in 520. In accordance with the invention, the 
electronically tunable diplexer 110 connected to the antenna unit 100 is tuned 
to a sub-band 208 allocated to a base station in 516. In 502, the transceiver 
118 connected to the diplexer 110 is adjusted to perform a conversion be- 
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tween a fixed frequency band 224 and a frequency sub-band 208 allocated to 
the base station. In 504 the diplexer 110 is provided with an input test signal 
126 characterizing a frequency sub-band allocated 208 to the base station. In 
506, a portion of the input test signal 126 is converted to a receive sub-band 
208. In 508, a portion of the output test signal 128A, 128B is converted to a 
receive sub-band 208 allocated to the base station. In 510, a portion of the in- 
put test signal 126 and a portion of an output test signal 128A, 128B generated 
in the diplexer are delivered to the receiver 120. In 512, a portion of the input 
test signal 126 and a portion of the output test signal 128A, 128B are received 
in the receiver 120. In 514, the response of the diplexer 110 to the input test 
signal 126 is determined based on a received portion of the input test signal 
126 and a received portion of the output test signal 128A, 128B. 

[0099] In an embodiment, the tuning procedure is carried out in cy- 
cles. After each tuning cycle, the response of the diplexer to the input test sig- 
nal 126 is compared with a reference value, and if the tuning suffices, i.e. fulfils 
the predetermined requirements, the tuning can be stopped. Otherwise, the 
tuning is started over. The test whether the tuning suffices is performed in 518 
in Figure 5. 

[0100] In an embodiment, the tuning procedure is carried out during 
an idle period of transmission of the base station. The tuning procedure may 
be started, for example, after a certain period of time counted from the previ- 
ous tuning. It is also possible to start a tuning procedure when the system per- 
formance drops. 

[0101] In an embodiment, tuning is performed in the TX tuning 
mode and the receive portion 1 12 of the diplexer 1 10 is tuned according to the 
tuning parameters obtained for the transmit portion 1 14 of the diplexer 1 1 0. 

[0102] In another embodiment, tuning is performed in the RX tuning 
mode and the transmit portion 1 12 of the diplexer 1 10 is tuned according to the 
tuning parameters obtained for the receive portion 1 1 2 of the diplexer 110. 

[0103] Even though the invention is described above with reference 
to an example according to the accompanying drawings, it is clear that the in- 
vention is not restricted thereto but it can be modified in several ways within 
the scope of the appended claims. 



